The kinetics and efficacy of moist heat disinfection for hydrophilic contact lenses were investigated by using representative microorganisms of ophthalmic concern and several heat-resistant species. In replicate challenges, 800C for 10 min and 750C for 5 min were proven efficacious for moist-heat disinfection.
A moist-heat disinfecting unit for hydrophilic contact lenses has been shown to kill pathogenic microorganisms in both laboratory tests using known inocula and clinical use situations (2, 8) . The objective of this study was to evaluate timetemperature limits that provide effective disinfecting action against microorganisms of ophthalmic concern (11) by using a standardized procedure of thermal death analysis. This analysis is considered essential in establishing specifications for moist-heat disinfection of hydrophilic contact lenses.
All microorganisms used were isolated from clinical specimens or from sources indicated in Tables 1 and 2 , which included bacterial and fungal species of ophthalmic concern plus Streptococcus faecalis, a relatively heat-resistant species (3), an Aspergillus fumigatus isolate that reportedly survived boiling (10) , and a clinical isolate of Pseudomonas aeruginosa. Broth and agar media were obtained from Baltimore Biological Laboratories and Difco Laboratories. Bacteria and yeasts were transferred for 3 consecutive days on soybean casein digest agar at 350C and Sabouraud dextrose agar at 25 to 300C, respectively. Cells from the final culture were harvested, washed three times, and suspended in sterile 0.85% saline (7) . Final concentrations were estimated by optical density and confirmed by dilution pour plate counts. Medium for the cultures of Moraxella sp. and Streptococcus pyogenes was supplemented with 5% sheep blood, and medium for Haemophilus sp. was supplemented with 5% rabbit blood. Neisseria gonorrhoeae was grown on chocolate agar and Propionibacterium acnes was grown in reduced brain heart infusion broth. These five microorganisms were suspended only once in saline to For study purposes, the reduction of the number of CFU of each species by a factor of nine logs was adopted as the minimal acceptable disinfection treatment for hydrophilic contact lenses. The nine-log reduction times for S. faecalis were calculated as 0.581 min at 750C and 0.158 min at 80°C. To verify that a nine-log reduction of each microorganism occurred within the proposed disinfecting periods, efficacy tests were performed in which approximately 109 CFU of each microorganism was heated at 750C for 5 min and at 80°C for 10 min.
Hydrophilic contact lenses were added to vials containing 9.8 ml of 0.85% saline and sterilized by autoclaving. Cooled vials were equilibrated at 75 and 80°C in a circulating water bath and monitored by a thermocouple sealed in one vial. After equilibration, 0.2 ml of inoculum containing approximately 1 x 10' organisms was added to the contents in each set of 20 vials. The cell concentration exceeded 1 x 109 CFU for all microorganisms tested except P. acnes (3.2 x 108), A. niger (6.4 x 108), Fusarium solani (3 x 107) and N. gonorrhoeae (1.5 x 107). After 5 and 10 min of exposure, sets of 10 vials were wiped dry, and the fluid contents were transferred to 90 ml of appropriate liquid recovery medium, as described for the kinetic analysis. Defibrinated rabbit blood and Difco supplement B were added to soybean casein digest broth for H. influenzae, and sheep blood was added for Moraxella sp., N. gonorrhoeae, and S. pyogenes. subcultured to blood agar after 2, 7, and 14 days. With the exception of the bacterial sporeformers, no positive cultures were recovered for any of the test organisms, after either 10 min at 800C or 5 min at 750C (Table 2) . To test for the presence of survivors when heat-protecting organic loads were added to the menstruum, approximately 109 cells of 12 of the more resistant microorganisms were exposed to the heat treatments in the presence of either 1.6 x 105 heatkilled cells of C. albicans per ml or 10% horse serum. All inocula were killed by the treatment ( Table 2 ).
The D values of many thermally treated species have been shown to be dependent on strain differences, nutritional conditions of growth, conditions of sporulation, composition and pH of the heating menstruum, concentration and age of the cells, and conditions of recovery (1, 5) . In our experiments, the heating menstrua, saline, and saline-containing organic load were at pH 6.7, close to the pH which was reported to be the point of maximum heat resistance for S. faecalis (13). This represents a maximum challenge condition in the kinetic study of contact lens disinfection. Spores of the mycotic organisms were relatively heat sensitive when compared with cells 
